INTRODUCTION
The Meliponinae are stingless, mainly neotropical highly eusocial bees. Division of reproductive work in the colonies leads to two female castes, one fertile (the queen) and another sterile, or partially sterile (the workers). This condition is frequently reflected in a marked dimorphism in ovarian development between queens and workers.
While in Apis mellifera (Apinae) this dimorphism is expressed as different numbers of ovarioles per ovary, in the Meliponinae it is expressed mainly by an increase in queen ovariole length. Although Sakagami et al. (1963) reported that all Meliponinae have four ovarioles per ovary, it is now known that this number may vary, at least in queens (Iwata and Sakagami, 1966, Camargo, 1974; CruzLandim et al., 1998) . In workers, the basic number four, however, seems to be constant (Cruz-Landim et al., 1998) .
A. mellifera workers may develop ovaries during the absence of the queen or when the colony population is very large (Groot and Voogd, 1954) . It is thought that brood presence and inhibitory pheromones produced by the queen keep worker ovaries from functioning (Groot and Voogd, 1954; Butler, 1957; Kubisova and Hasbachova, 1978; Kubisova et al., 1982) .
In Meliponinae the situation is more complex. In several species the workers present developed ovaries and produce oocytes, even in queenright colonies (Sakagami et al. 1963) , but there are species (e.g., Leurotrigona muelleri) that, like A. mellifera, only develop ovaries during the queen's absence or in highly populated colonies. Workers of some species (e.g., Frieseomelitta silvestri and Duckeola ghiliani) never develop ovaries (Sakagami et al., 1963; Sakagami and Zucchi, 1968; Terada, 1974; Camillo-Atique, 1977; Staurengo da Cunha et al., 1989; Zucchi, 1993) .
Workers whose ovaries develop in queenright colonies produce two kinds of oocytes: trophic oocytes that are eaten by the queen and functional oocytes that eventually develop into males (Beig, 1972; Staurengo da Cunha, 1978) . Species that develop ovaries exclusively during the queen's absence only produce functional oocytes (Zucchi, 1993 (Zucchi, , 1994 . Therefore, in most Meliponinae ovarian development in workers seems to be out of the queen's control, which agrees with the theory of ritualized instead of pheromonal dominance of queens over workers (Zucchi, 1993) .
In some Meliponinae species, such as P. remota, two kinds of queens may be produced (Juliani, 1962; Imperatriz-Fonseca et al., 1997) . Small or dwarf queens are produced in worker cells, and consequently have no trophic influence, while normal-sized queens are produced in queen cells that may harbor a larger quantity of food. The mode of caste determination in these species is said to be trophic; however, the production of queens that have not received differential alimentation suggests that the determination is genetic and that food only enhances some existing queen characteristics, as occurs in Melipona, considered to have genetic determination of castes. In these bees, a certain number of queens are born in each comb according to the number of gene pairs involved in the caste determination. However, only under optimal alimentary conditions will the full queen characters manifest. Underfed individuals with the queen genotype have underdeveloped queen characteristics (Kerr, 1950 , Kerr et al., 1966 .
The objective of the present work was to analyze ovary types in Meliponinae, examining some characteristics of their development during the post-embryonic phase, the effect of queen presence on worker ovary development and on the type of worker-produced egg.
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Abstract
Morphological studies of Meliponine worker ovaries in five species indicated a possible stimulatory effect of the queen on ovary development and on the production of trophic eggs in some of them. There are also indications that the queen inhibits the production of fertile eggs by the workers. This inhibition may involve a delay in the development of fertile eggs by the worker, until she is out of direct contact with the queen, or a lack of ovary development in the queen's presence, as seen in Leurotrigona muelleri. The evolutionary tendency toward inability to produce fertile eggs has its extreme representation in the pupal worker ovary reabsorption found in Frieseomelitta silvestri. On the other hand, the finding, in some species, of dwarf queens with the basic number of ovarioles (four) in the ovaries, along with normal, trophically determined queens with larger numbers of ovarioles in the ovaries demonstrate the influence of food on this character, as in Apis mellifera. 
MATERIAL AND METHODS
The following Meliponinae species were studied in newly emerged and middle-aged workers, with light microscopy: Melipona quadrifasciata anthidioides, Scaptotrigona postica, Trigona spinipes, Plebeia remota, Leurotrigona muelleri, and Frieseomellita silvestri. Virgin queen ovaries from Plebeia remota, Trigona spinipes and Melipona quadrifasciata anthidioides were also studied. The ovaries of workers of Frieseomellita silvestri were studied in the last larval and pupal stages and early adulthood with light and transmission electron microscopy. At least three workers and one queen from each species were studied. Specimens of Leurotrigona muelleri fixed in Dietrich's solution were generously supplied by FFCL-USP, Ribeirão Preto.
Species present in our apiary (M. quadrifasciata anthidioides, S. postica and Frieseomelitta silvestri) were studied, and worker age controlled. Species from collections were separated by tegument coloration, assuming that the darker (middle aged, corresponding approximately to the worker nurse phase) specimens were older than the lighter.
When the bee was captured alive, the abdomen was separated from the body and fixed in 10% neutral formaldehyde, for light microscopy. The fixed material was embedded in historesin, and slides containing 6-µm thick sections were routinely stained with hematoxylin and eosin. Some ovaries were dissected and whole mounts submitted to standard Feulgen reaction.
For transmission electron microscopy ovaries were dissected from immature and adult specimens and fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2, and post-fixed in 1% osmium tetroxide in the same buffer. Staining with uranyl acetate was done during dehydration and with lead citrate after cutting.
RESULTS

Queens
The queen of M. q. anthidioides has four ovarioles per ovary, while T. spinipes has about a dozen. Small (dwarf) and normal-sized queens were studied in P. remota. The dwarf queens had four ovarioles in each ovary and the normal-sized ones had six in one and eight in the other (Figure 1 ). In all cases virgin queen ovarioles were very long and slender, presenting the same diameter along almost the whole length, with the exception of the very proximal and distal ends from the place of attachment to the oviduct and terminal filament, respectively.
The ovarioles showed little differentiation in the virgin queens. In the basal portion, the germinative cells were arranged as cysts ( Figure 1A,B) , while in the distal many mitoses could be seen ( Figure 1D ). Signs of cyst degeneration were frequently seen, primarily in P. remota dwarf queens ( Figure 1C ).
Workers
The workers always had four ovarioles in each ovary. The ovaries were short and differently developed according to worker phase or bee species.
In workers that developed ovaries in the presence of a queen, the nurse workers had the most developed ovaries, generally showing one or two developing oocytes per ovary ( Figure 1E,F ) . In Melipona one developing oocyte in each ovary was frequently found, and sometimes two in the same ovary ( Figure 1G) .
It is possible to differentiate trophic from functional eggs in the ovary. The trophic eggs in Melipona, for instance, are always bigger and more rounded than the functional ones are ( Figure 1G ). In S. postica, functional eggs are produced by late nurse workers, while young nurse workers produce mainly trophic eggs.
Middle-aged L. muelleri workers from orphan colonies generally have developed ovaries. Among 20 middleaged workers, four had developing oocytes in the ovary. In these workers, two had only one ovary with developing oocytes and two had developing oocytes in both ovaries. Since the specimens arrived at our laboratory in fixative, it was impossible to determine their age or whether they were young or old nurse bees.
In F. silvestri at the beginning of the larval stage, ovary development seemed to be normal (Figure 2A,B) with the ovarioles differentiating inside the ovary, but during pupation the ovarioles suffered an involutive process ( Figure 2C,D) . With transmission electron microscopy the degenerative process was found to be very similar to that observed by Hartfelder and Steinbrück (1997) in A. mellifera workers, only it seems to reach all ovarioles. Germinative cells became enclosed by a sheath of amorphous material, their nuclei shrunk and condensed, and electrondense structures appeared in the cell cytoplasm ( Figure 2E) . Later, the cells became filled with glycogen ( Figure 2F ), and finally showed lipid droplets and multimembranous bodies ( Figure 2G) . Relicts of the ovaries could be found in young workers of this species. Among 25 newly emerged workers examined, six still had some residual ovaries; however, no ovaries were found in the 30 middle-aged workers dissected.
DISCUSSION
Our results (Table I) permit two kinds of views concerning Meliponinae ovary development. First queen presence, as already verified by Zucchi (1993) , does not have an inhibitory effect over worker ovary development, except perhaps in the case of L. muelleri, which behaves as A. mellifera, in this particular aspect. If there is any influence of the queen on worker ovary development, in most Meliponinae species, it is the stimulation of trophic egg development in the ovaries. The suggestion of this stimulatory effect comes from the fact that these eggs are pro-duced first in the youngest workers, when they have contact with the queen, whereas functional eggs are produced by somewhat older nurse workers, that later come close to the brood cells. It is also possible that queen presence does not actually stimulate ovary development, but stimulates the development of trophic eggs in the ovaries or inhibits the production of functional eggs, which would only be produced away from the queen's influence, as is the case of orphan workers of L. muelleri or of older nurse workers of most Meliponine species.
The trophic egg, besides being bigger, seems to be somewhat less mature than the functional one (Cruz-Landim and Cruz-Höfling, 1971; Koedam et al., 1996) . It is possible that queen presence stimulates yolk deposition in the oocyte and precocious ovulation by the worker, resulting in eggs with a more fragile, less structured chorion and shape alterations. The thin chorion facilitates digestion or egg content liberation for digestion. The capacity of queen Meliponinae to control worker ovary development seems to be far less than in A. mellifera, and the mechanism of this control, if it does exist, is unknown. Perhaps it acts on the endocrine glands via the nervous system.
The results presented here show that worker ovaries are able to develop and produce eggs in all species studied except F. silvestri, in which the ovary is reabsorbed by a process similar to programmed cell death. This extreme condition is probably hormonally controlled. However, since queen determination in this species is trophic, ovary involution occurs in late pupae. An early involution would impair queen production.
There is a trend toward ovary degeneration in workers, which benefits the queen. Some of the eggs produced by the workers are eaten by the queen caste. Trophic eggs are not only morphologically different (Koedam et al. 1996) , but also have a different content. In S. postica, the trophic eggs laid seem to be immature compared to functional ones (Cruz-Landim and Cruz-Höfling, 1971 ). The same seems to occur in Melipona, since Koedam et al. (1996) observed an imperfect egg chorion pattern and a lack of the structure that permits the eggs to maintain an upright position in food in the brood cell at oviposition. These facts, added to the early production of this egg type, suggest an acceleration of its liberation from the ovary under the queen's influence.
On the other hand the production of males solely by the queens seems to be an evolutionary trend in bees (Michener, 1974; Zucchi, 1993) . This tendency is exemplified by the complete sterilization of workers of the genera Frieseomelitta and Duckeola (Zucchi, 1993; Staurengo da Cunha et al., 1986 , 1989 , 1990 . In this last case, absence of ovary development in workers is determined by factors acting during pupation, since early larvae have normal ovaries. According to our data, ovary involution starts in pupae and finishes in young adults.
Another important aspect is the number of ovarioles per queen ovary and its possible relationship with the caste determination model. The queen caste in Meliponinae may be determined genetically (Kerr, 1950 (Kerr, , 1974 or trophically (Camargo, 1972; Campos et al., 1986) . Queen size depends on the mechanism of caste determination. In trophically determined species, the queen is generally larger than the workers.
Genetically determined Melipona queens (Kerr, 1950) have four ovarioles in their ovaries as do dwarf queens and some normal-sized queens of P. remota (Cruz-Landim et al., 1998) . However, some normal-sized queens of P. remota have six to eight ovarioles in each ovary, suggesting that food availability may influence ovariole number, as in A. mellifera. But the mechanism of the food effect in this case seems to be quite different, since in A. mellifera larval workers and queens have the same elevated number of ovarioles.
An indication that the course of the events in ovary developmental control is different in Apis and Meliponinae is that the number of ovarioles found in Meliponine workers is always four and in the presumed genetically determined queens it is also four, increasing if the caste is trophically determined. This indication needs further study to be confirmed at the morphological developmental level; ovariole numbers should be determined for a large number of Meliponinae species. However, in A. mellifera, as in the Meliponinae, the number of ovarioles per ovary may change under environmental influence (Camargo, 1972; Campos, 1993; Buschini and Campos, 1995 and CruzLandim et al., 1998) . In trophic determination, the difference between A. mellifera and Meliponine is that in the former the worker larvae suffer food deprivation that results in partial castration, and in Meliponines the queens have an additional supply of food that may induce an increase in ovariole number. This is why dwarf and normal queens may be simultaneously present in some Meliponine species. It also explains how queens can be produced by topical application of juvenile hormone to larvae at the end of the larval stage (Imperatriz-Fonseca et al., 1997) .
Therefore, we suggest that in the Meliponine queen presence stimulates more than inhibits ovary development in workers and does not influence the production of new queens.
The starting number of ovarioles during embryonic development is different in A. mellifera and Meliponinae. While in A. mellifera the larva starts with an elevated number of ovarioles, in Meliponines it seems to begin with only four. On account of this the main difference in trophically determined queens is the maintenance of the original number in A. mellifera queens, and the possibility of increase in Meliponines.
The results suggest that the genetic program for ovariole basic numbers is different in A. mellifera versus Meliponinae (hundreds in A. mellifera, only four in Meliponines). In both these numbers may be modified by differential feeding of the larvae.
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RESUMO
Aspectos morfológicos indicativos do grau de desenvolvimento dos ovários de meliponíneos indicaram um possível efeito estimulador da rainha sobre o desenvolvimento do ovário e a produção de ovos tróficos em algumas espécies. Há também indicações de que a rainha inibe a produção de ovos férteis pelas operárias. Esta inibição pode caracterizar-se por um retardamento na postura de ovos férteis, até que a operária esteja fora do contacto direto com a rainha, ou por um não desenvolvimento dos ovários na sua presença, como visto em Leutrotrigona muelleri. A tendência evolutiva, para uma total inabilidade para a 
